Beef quality parameters can be negatively affected by pre-slaughter stress. Slaughter via gunshot directly on the pasture appears to be suitable for the reduction of pre-slaughter stress by avoiding stressors such as transportation, lairage and human contact. The effect of slaughtering via gunshot on sensory and objective measures of beef quality parameters for the Musculus longissimus dorsi of Galloway steers was analyzed and compared to conventional slaughter at the abattoir using captive-bolt stunning. The Warner-Bratzler shear force (WBSF) was significantly (P < 0.01) lower for the meat of the animals slaughtered via gunshot (arithmetic mean (AM) gunshot: 4.34 kg; AM captive-bolt pistol: 4.77 kg). However, trained assessors were not able to recognize this difference (P > 0.05). No significant differences (P > 0.05) were observed for cooking loss and the sensory quality evaluation of juiciness. As measured by the WBSF, the meat of the animals slaughtered via gunshot was slightly more tender than was the meat of the animals stunned with a captive-bolt pistol. However, for the cooking loss and sensory evaluations, no effect of the slaughter methods was observed. Nevertheless, this study reveals the potential that slaughter via gunshot provides for the improvement of beef quality.
Introduction
Pre-slaughter stress, such as transportation, lairage at the abattoir and human contact, may result in an unintended deterioration of meat quality parameters, such as tenderness and juiciness, by affecting the animals' metabolic processes (Arthington, Eichert, Kunkle, & Martin, 2003; Honkavaara, Rintasalo, Ylönen, & Pudas, 2003; Warriss, 2003; Immonen & Puolanne, 2000) . Adverse impacts in terms of meat tenderness are particularly undesirable, as consumers can demonstrably recognize deviations and are willing to pay more for the guarantee of a tender steak (Lusk, Fox, Schroeder, Mintert, & Koohmaraie, 2010; Wheeler, Shackelford, & Koohmaraie, 2004; Boleman et al., 1997) .
The response of animals to stressors is dependent on animal-specific genetic and epigenetic factors (Boissy, 1995) . Pre-slaughter stress particularly affects animals that have not habituated to external stressors, such as animals held in year-round free range (Ferguson & Warner, 2008; Grandin, 1997; Hastings, Abbott, George, & Stadler, 1992) . Slaughter via gunshot and bleeding directly on the pasture represents an alternative to transportation to an abattoir, stunning via captive-bolt pistol and subsequent bleeding (Council Regulation (EC) No 1099/2009).
Therefore, the objective of this study is to investigate the effects of on-farm slaughter via gunshot on beef quality parameters in comparison to captive-bolt stunning at the abattoir using both sensory and objective measures. Toward this end, the study examines whether trained assessors are able to detect instrumentally observed differences.
Experimental

Sensory Analysis
Panel Recruitment
A total of 12 volunteers (6 male, 6 female), students and scientific staff of the University of Applied Sciences Fulda ranging from 21 to 32 years of age were recruited for sensory panel training sessions.
The participants were asked to fill out a questionnaire about their eating and smoking habits, age, allergies, availability and previous sensory experience. The participants who obtained training success ≥ 75% in the triangle test, the ranking test and the scaled evaluation tests were selected for the sensory panel. Thus, the panel consisted of nine panelists (5 male, 4 female, 22 -32 years of age) representing trained assessors.
All participants involved in the study provided written and verbal consent, and the study was approved by the ethical committee of the University of Applied Sciences Fulda.
Sample Preparation for Panel Training
The sample preparation for the tenderness and juiciness evaluation training was based on Braghieri et al. (2012) with slight modifications (Table 1 ). The beef used for panel training, which was aged for 14 days (except Musculus extensor carpi radialis), was bought at a local abattoir and subsequently frozen (-18 °C). Forty-eight hours prior to sensory training, the samples were thawed at 4 °C and cut into 1.5-cm-thick slices perpendicular to the muscle fiber orientation. After reaching a core temperature of 6 -8 °C, the slices were wrapped in aluminum foil and cooked on an SILEX electric clamshell contact-grill with smooth surfaces (S-161 K, SILEX Elektrogeräte GmbH, Hamburg, Germany) at 220 °C until reaching the appropriate core temperature (Table 1) , which was monitored by an integrated temperature sensing device. The slices were cut into cuboid shapes (1 cm × 1 cm × 1.5 cm) and served cold. 
Panel Training
The panel training was conducted in a standardized sensory testing room under black lighting in three hebdomadal sessions lasting approximately 1 h and using random three-digit codes for sample identification.
In session 1, the panelists were trained to detect tenderness and juiciness attributes by testing cubes of high, medium and low intensity for each attribute. Subsequently, the ranking and triangle tests were performed according to the ISO 8587:2006 and ISO 4120:2004 specifications (International Organization for Standardization, 2006 .
In session 2, the triangle and ranking tests were repeated. Then, a scaled evaluation test was conducted. In this test, the panelists had to match a set of samples with predefined scale values of juiciness and tenderness with a set of the same samples coded with random three-digit codes. The tests were rated as "passed" when all matches were correct. The scales used were six-point semi-quantitative scales for juiciness (6 = excellent juiciness, 1 = dry meat) and tenderness (6 = excellent tenderness, 1 = tough meat) (Ristic, 1987) . Furthermore, an evaluation test with scale using the same six-point scale was performed, in accordance with DIN 10952-1:1978 specifications (Ristic, 1987 ; DIN Deutsches Institut für Normung e.V., 1978).
In session 3, the scaled evaluation tests were repeated.
In general, for all sensory tests in training and evaluation, the panelists had the possibility to re-taste samples. The standards for juiciness and tenderness were served at the beginning of each session. The results were recorded using FIZZ 2.46 (Biosystèmes, Couternon, France). 
Sample Preparation for Sensory Evaluation
For this study, year-round free-range Galloway steers (n = 48) were obtained from an organic cattle breeding source. The steers were 30 ± 7 months old with a carcass weight of 206 ± 26 kg and were examined over a period of six months.
The slaughter was carried out in a two-week interval. On each slaughter date, two to six animals were killed on-farm via gunshot (Retz, Schiffer, von Wenzlawowicz, & Hensel, 2013) or slaughtered conventionally at the abattoir. Due to gunshot killing the steers' brain cannot be used for feeding or meal preparation.
A total of 23 living steers were transported for 15 min to a commercial abattoir. At the abattoir, the cattle were stunned via captive-bolt pistol and immediately bled. Directly on the farm, the remaining 25 steers were slaughtered via gunshot by a professional rifleman on a shooting paddock, which was integrated in the pasture and familiar to the cattle, without separating them from their herd.
A maximum of two animals from one herd were shot per date. The cattle slaughtered via gunshot were hoisted by a front loader, immediately bled and transported to the abattoir with a specially constructed trailer ( (2014)) that could carry two animals. The carcasses were chilled to 7.2 ± 2.3 °C within 24 h and 4.0 ± 1.6 °C within 48 h and were aged for 14 days without deboning and cutting. After aging, the M. longissimus dorsi was removed from each carcass, vacuum packaged and frozen at -18 °C until use.
The preparation of the M. longissimus dorsi samples for sensory evaluation was carried out according to the sample preparation for sensory panel training (see "Sample preparation for panel training", chapter 2.1.2) except the samples were cooked to a core temperature of 70 °C.
Sensory Evaluation
The samples from cattle stunned with a captive-bolt pistol (n = 17) and animals slaughtered via gunshot (n = 18) were evaluated in six tasting sessions under black lighting using the evaluation test with scale and the same six-point scale used for panel training (6 = excellent juiciness/tenderness, 1 = dry/tough meat) (Ristic, 1987) . In each session, four to seven samples were judged from cattle both stunned with a captive-bolt pistol and slaughtered via gunshot. All samples were served simultaneously in glass bowls using random three-digit codes for sample identification. Unsalted crackers and deionized drinking water were served for neutralization. The results were recorded using FIZZ 2.46.
Instrumental Analysis
Warner-Bratzler Shear Force (WBSF)
The thawing and cooking procedures were the same used for sensory panel training and sensory evaluation except the meat slices were cut to a thickness of 4.5 cm and cooked to a core temperature of 75 °C (Honikel & Blüchel, 2006) .
Samples from both steers stunned with a captive-bolt pistol (n = 23) and steers slaughtered via gunshot (n = 25) were analyzed. The cooked slices wrapped in aluminum foil were stored overnight at 4 °C. A total of six cores (1.27 cm × 1.27 cm × 4.5 cm) per sample were cut length parallel to the muscle fiber orientation and tempered at room temperature for 30 min. The shear force was measured at room temperature using a texture analyzer (TA.XT plus, Stable Micro Systems, Godalming, UK; Exponent software) equipped with a 50 kg compression load cell and a Warner-Bratzler V-blade. Test speed was set to 4.2 mm s -1 (García-Segovia, Andrés-Bello, & Martínez- Monzó, 2007; Liu et al., 2003) . The samples were sheared perpendicular to the muscle fibers.
Cooking Loss
After thawing, the sensory session samples (prepared as described above, see "Sample preparation for panel training", chapter 2.1.2 and "Sample preparation for sensory evaluation", chapter 2.1.4) were weighed before the cooking procedure (core temperature: 6-8 °C) utilizing a precision balance (CPA 4202S, Sartorius AG, Göttingen, Germany). After cooking, the samples were chilled at room temperature for 80 min, freed from the adhering meat juice using paper towels and weighed again. These determinations were carried out in triplicate.
Statistical Analysis
The data were analyzed using IBM SPSS Statistics 20 (IBM Deutschland GmbH, Ehningen, Germany). A two-tailed Mann-Whitney U-Test was employed for statistically significant differences between populations (P < 0.05) because the data followed a non-normal distribution and/or were ordinarily scaled. 
Results and Discussion
Tenderness Evaluation
Instrumental Evaluation
Tenderness is considered a key factor of meat quality and consumer acceptance (Boleman et al., 1997; P. L. Brady & Hunecke, 1985) . The meat tenderness as analyzed by WBSF was found to be significantly different (P < 0.01) between animals slaughtered via gunshot (arithmetic mean (AM): 4.34 kg) and animals stunned with a captive-bolt pistol (AM: 4.77 kg), where the samples of the animals slaughtered via gunshot were more tender (Table 2 ). In general, differing WBSF values might be caused by the pre-slaughter stressors, such as human contact, transportation and lairage at the abattoir, that can affect metabolic processes, as reported in numerous studies (Ferguson, Shaw, & Stark, 2007; Arthington et al., 2003; Honkavaara et al., 2003; Warriss, 2003; Immonen & Puolanne, 2000; Lahucky, Palanska, Mojto, Zaujec, & Huba, 1998 ; Grandin, 1997).
The stressors described above were absent (transportation, lairage) or minimal (human contact) for the cattle slaughtered via gunshot in this survey. Significance: NS, not significant (P > 0.05); * P < 0.05; ** P < 0.01.
In addition, the pre-slaughter stress caused by transportation and lairage was very low compared to other studies and reviews reporting a distinct influence of pre-slaughter stress on metabolic processes (Ferguson & Warner, 2008; Arthington et al., 2003; Lahucky et al., 1998 ).
In the current study, the animals stunned with a captive-bolt pistol were transported for 15 min. Because the abattoir specializes in emergency slaughtering and a maximum of six cattle were slaughtered per day, the lairage time was also minimal.
Significant effects of pre-slaughter stress on meat quality and metabolic processes were only observed for long lairage in groups (overnight, without food), long transportation distances and transportation periods (approximately 3 h) or increased physical activity of the animals (Arthington et al., 2003; Lahucky et al., 1998; Eldridge & Winfield, 1988) .
Meat tenderness is also influenced by slaughter age (Boccard et al., 1979; Tuma, Henrickson, Odell, & Stephens, 1963; Hiner & Hankins, 1950; D. E. Brady, 1937) . Boccard et al. (1979) reported a significant effect of animal age on the tenderness of muscles with a low collagen content from cattle aged 8 to 16 months. This effect is caused by a decrease in the collagen solubility, which leads to an increase in beef toughness. Hence, the results of the present study may be influenced by age effects. However, other studies have shown no significant aging effects on meat tenderness (Shackelford, Koohmaraie, & Wheeler, 1995; Field, Nelms, & Schoonover, 1966) . In the present study, the age distribution in the group of animals used for the WBSF measures did not differ significantly (P > 0.05).
Furthermore, as reported by Augustini (1987) , meat tenderness can be influenced by carcass weight, depending on the daily weight gain of the animal. Because the carcass weight differed significantly (P < 0.05) in the group of animals used for the WBSF measures in this study, an influence of carcass weight on beef tenderness may have been possible. However, this influence seems unlikely, as numerous studies confute this thesis (Huff-Lonergan et al., 2002; Beattie, Weatherup, Moss, & Walker, 1999; Vergara, Molina, & Gallego, 1999; Čandek-Potokar, Žlender, Lefaucheur, & Bonneau, 1998; Crouse, Calkins, & Seideman, 1986) . In addition, contrary to the feeding procedure described by Augustini (1987) , all test animals were fed identically in the present study. The Warner-Bratzler method itself is highly accurate, but its precision is affected by numerous factors, including coring, cooking conditions and muscle fiber orientation, which must be strictly controlled to ensure reliable and repeatable measures (Yancey, Wharton, & Apple, 2011; McKenna, King, & Savell, 2004; Kerth, Blair-Kerth, & Jones, 2003; Lawrence, King, Obuz, Yancey, & Dikeman, 2001; Wheeler, Shackelford, & Koohmaraie, 1998; Wheeler et al., 1997; Wheeler, Shackelford, & Koohmaraie, 1996; Szczesniak & Torgeson, 1965; Hostetler & Ritchey, 1964) . Therefore, in the present study, the sample preparation and the WBSF measures were always performed by the same person under similar conditions.
Sensory Evaluation
Contrary to the WBSF values, the sensory evaluation of tenderness showed no significant (P > 0.05) difference between the samples (Table 3 ). An existing correlation between WBSF and sensory evaluation (Wheeler et al., 2004; Otremba et al., 1999; Crouse, Cross, & Seideman, 1985; Bouton, Harris, & Shorthose, 1971) suggests that trained assessors are not able to identify such small differences in beef tenderness. Destefanis et al. (2008) confirmed that consumer panels can barely detect small differences in meat tenderness, as panelists were not able to clearly distinguish between the tenderness categories of "very tough" and "tough" (group range: approximately 1 kg) and were inclined to rate samples as "very tender". Significance: NS, not significant (P > 0.05); * P < 0.05; ** P < 0.01.
Sensory scale: Minimum "1 -dry/tough meat" and maximum "6 -excellent juiciness/tenderness" (Ristic, 1987) .
Moreover, the results of an evaluation by a trained consumer panel can be highly variable within the panel because the perception of tenderness may vary among panelists (Otremba et al., 1999; Zimoch & Gullett, 1997; Brown, Langley, Martin, & MacFie, 1994; Brown, 1994) .
Because the age distribution in the group of animals used for the sensory tests was significantly different (P < 0.05), age effects cannot be excluded; however, this is unlikely an important factor based on the marginal differences shown in various studies (Shackelford et al., 1995; Boccard et al., 1979; Field et al., 1966; Tuma et al., 1963; Hiner & Hankins, 1950; D. E. Brady, 1937) .
Juiciness Evaluation
The results from the sensory evaluation and the cooking loss determination were considered in the evaluation of juiciness. Compared to tenderness, there are fewer studies investigating juiciness despite its important contribution to meat quality and flavor formation (Aaslyng, Bejerholm, Ertbjerg, Bertram, & Andersen, 2003) .
Juiciness and cooking loss correlate well for beef and pork (R 2 = -0.43 to -0.79) (Huff-Lonergan et al., 2002; Toscas, Shaw, & Beilken, 1999; Wood, Nute, Fursey, & Cuthbertson, 1995; Bouton, Ford, Harris, & Ratcliff, 1975) . In the present study, no significant differences (P > 0.05) were detected for sensory juiciness and cooking loss between the animals slaughtered via gunshot and the animals stunned with a captive-bolt pistol. The factors influencing the cooking loss and the juiciness are numerous and controversial (Bejerholm & Aaslyng, 2004; Aaslyng et al., 2003; Palka & Daun, 1999; Wood et al., 1995; Schönfeldt et al., 1993) . The only commonly agreed upon factors influencing these parameters are the cooking conditions (Bejerholm & Aaslyng, 2004; Aaslyng et al., 2003; Palka & Daun, 1999; Wood et al., 1995; Schönfeldt et al., 1993) . Because the cooking conditions did not vary in the present study, they are not expected to have influenced the differences in perceptions of juiciness. The group of animals used to determine the cooking loss differed significantly (P < 0.05) in their age distribution (Table 2) ; however, cooking loss does not seem to be correlated with age, so an adverse effect is not anticipated (Schönfeldt et al., 1993) .
Because the age distribution differed significantly (P < 0.05) in the group of animals used for sensory evaluation (Table 3) , an effect of age on sensory juiciness scoring may be possible as Schönfeldt et al. (1993) reported for goat and sheep meat, using a panel trained according to the American Meat Science Association (AMSA) guidelines for the cooking and sensory evaluation of meat. Furthermore, juiciness perception can vary among panelists, as has been reported for tenderness (Zimoch & Gullett, 1997) . Because the present study was set up as a trained consumer panel survey, these factors were considered and implemented in the planning process. For the sensory evaluation, an influence of the carcass weight on the juiciness was not expected because the carcass weights did not differ significantly (P > 0.05) within the group of animals used. Moreover, as reported by Huff-Lonergan et al. (2002) , the carcass weight was inadequately correlated with juiciness for pork.
Conclusion
The data indicate that the meat of steers slaughtered on-farm via gunshot is significantly more tender than is the meat of animals slaughtered conventionally at an abattoir with regard to the WBSF measures. However, trained assessors were not able to recognize this difference. There were no significant effects observed for the slaughter methods regarding cooking loss and sensory evaluation. Nevertheless, this study reveals the potential for slaughtering via gunshot to provide an improved quality of beef and provides a basis for further studies.
